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CONFORMING DATA STRUCTURE
INSTANCES TO SCHEMA VERSIONS

FIELD OF THE INVENTION

The present invention relates generally to the field of
schema conforming data structures, and more particularly to
data structure mstances conforming to evolving versions of a
schema.

BACKGROUND OF THE INVENTION

When data 1s communicated between various parties, 1t 1s
common to establish an understanding of the potential struc-
ture, mterrelationships, and/or allowable forms of such data.
This understanding may be captured and defined within a
specification and/or schema. A schema 1s a way to define the
structure, content, and to some extent, the semantics of data.
With a defined schema, each party can create instances of data
structures that conform to that schema and exchange them,
such that others will be able to use that same schema to
correctly interpret each instance. Schema languages include

extensible markup language (XML) Schema (XSD), as a

schema language for XML, data definition language (DDL),
as a schema language for structured query language (SQL), or
common business-oriented language (COBOL) copybook, as
a schema language for COBOL. As a system evolves, addi-

tional schema versions may be created to support changing,
requirements for the system.

SUMMARY

Aspects of an embodiment of the present invention dis-
close a method, computer program product, and computing
system for managing versions of a schema. A processor
receives a first version of a schema. A processor generates an
annotated version of the first version of the schema, wherein
one or more fields of the annotated version of the first version
of the schema each correspond to a distinct identifier. A
processor recetves a lirst instance conforming to the first
version ol the schema. A processor identifies one or more
values of the first instance, wherein each value of the one or
more values of the first instance corresponds to a field of the
one or more fields. A processor assigns an identifier to at least
one value of the one or more values of the first instance based
on the distinct 1dentifier corresponding to the field of the at
least one value. A processor stores the at least one value of the
one or more values of the first instance, such that the at least
one value 1s associated with the assigned identifier.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 depicts a diagram of a computing system, in accor-
dance with one embodiment of the present invention.

FIG. 2 depicts a flowchart of the steps of an annotation
function executing within the computing system of FIG. 1, for
annotating recerved schema versions, 1n accordance with an
embodiment of the present invention.

FIG. 3 depicts a tflowchart of the steps of an instance stor-
age Tunction executing within the computing system of FIG.
1, for storing data structure instance data independent of the
schema version, 1n accordance with an embodiment of the
present invention.

FI1G. 4 depicts a flowchart of the steps of an instance gen-
eration function executing within the computing system of
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2

FIG. 1, for generating a data structure imstance conforming to
a schema version, 1n accordance with an embodiment of the

present 1nvention.
FIG. SA depicts an example annotated schema version, 1n
accordance with an embodiment of the present invention.
FIG. 5B depicts an example instance data structure, in
accordance with an embodiment of the present invention.
FIG. 5C depicts an example populated value structure, 1n
accordance with an embodiment of the present invention.
FIG. 6 depicts a block diagram of components ol the server,
in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention recognize that, as a
system evolves, the data structures exchanged or otherwise
shared, may also evolve. Schema versions may be updated to
add, remove, or change data fields. Embodiments of the
present invention recognize that, as schema versions change,
instance data structures that conformed to older versions of
the schema may not conform to newer schema versions. In
one example, a data structure instance may be stored, with the
intention of reuse, but when the time to reuse arrives, the data
structure 1nstance may be incompatible with the newer
schema version. Embodiments of the present ivention rec-
ognize that a method is required to enable the creation of data
structure instances that conform to a variety of schema ver-
s10ms, from a single source of instance data.

The present invention will now be described 1n detail with
reference to the Figures.

FIG. 1 depicts a diagram of computing system 10, 1n accor-
dance with one embodiment of the present invention. FIG. 1
provides only an illustration of one embodiment and does not
imply any limitations with regard to the environments 1n
which different embodiments may be implemented.

In the depicted embodiment, computing system 10
includes server 20. Computing system 10 may also include a
network, servers, computing devices, or other devices not
shown.

Server 20 may be a management server, a web server, or
any other electronic device or computing system capable of
processing program instructions, and receiving and sending
data. In some embodiments, server 20 may be a laptop com-
puter, tablet computer, netbook computer, personal computer
(PC), a desktop computer, a personal digital assistant (PDA),
a smart phone, or any programmable electronic device. In
other embodiments, server 20 may represent a server coms-
puting system utilizing multiple computers as a server sys-
tem, such as in a cloud computing environment. Server 20
contains schema version conformance program 110, annota-
tion function 120, mstance storage function 130, instance
generation function 140, mstance storage database 150, and
schema version database 160. Server 20 may 1include compo-
nents, as depicted and described 1n further detail with respect
to FIG. 4.

Schema version conformance program 110 operates to
annotate fields located within schema versions, store instance
data 1n a version imndependent data structure, and generate
instance data structures that conform to requested schema
versions. A schema 1s a way to define the structure, content,
and to some extent, the semantics of a document or data
structure. A schema may include an extensible markup lan-
gunage (XML) schema, data definition language (DDL),
COBOL copybook. In one embodiment, schema version con-
formance program 110 includes annotation function 120,
instance storage function 130, and instance generation func-
tion 140. In one embodiment, schema version conformance
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program 110 resides on server 20. In other embodiments,
schema version conformance program 110 may reside on
another server or another computing device, provided schema
version conformance program 110 has access to instance
storage database 150 and schema version database 160.

Annotation function 120 operates to annotate received
schema versions and assign field identifiers to logically dif-
terent fields within a schema version. An annotated schema 1s
a schema that has been annotated to include one or more field
identifiers. Each field identifier may identify a logically dis-
tinct attribute or field in that version of the schema. For
example, field identifiers may be assigned to each element
and attribute definition. If additional schema versions have
previously been annotated, annotation function 120 assigns
field 1dentifiers based on the prior annotations. Annotation
function 120 also operates to store annotated schema ver-
sions. In some embodiments, annotation function 120 may
provide, to a user, an indication of field identifiers associated
with each field. In other embodiments, steps of annotation
function 120 may be manually performed by a user. In one
embodiment, annotation function 120 may store annotated
schema versions to schema version database 160. In some
embodiments, annotation function 120 1s a function of
schema version conformance program 110. In other embodi-
ments, annotation function 120 may be a stand-alone schema
annotation program, provided annotation function 120 has
access to schema version database 160.

Schema version database 160 may be a repository that may
be written and read by schema version conformance program
110, annotation function 120, mnstance storage function 130,
and instance generation function 140. Annotated schemas
versions may be stored to schema version database 160. In
one embodiment, schema version database 160 resides on
server 20. In other embodiments, schema version database
160 may reside on another server or another computing
device, provided that schema version database 160 1s acces-
sible to schema version conformance program 110, annota-
tion function 120, instance storage function 130, and instance
generation function 140.

Instance storage function 130 operates to populate and
store schema version independent data structures, hereinafter
referred to as value structures, based on values of data struc-
ture mstances and the corresponding fields associated with an
annotated schema version. In one embodiment, instance stor-
age Tunction 130 may store value structures to istance stor-
age database 150. In one embodiment, instance storage func-
tion 130 resides on server 20. In other embodiments, 1nstance
storage function 130 may reside on another server or com-
puting device, provided that instance storage function 130 has
access to 1nstance storage database 150 and schema version
database 160.

Instance storage database 150 may be a repository that may
be written and read by schema version conformance program
110, instance storage function 130, and instance generation
function 140. Value structures for data structure instances
may be stored to instance storage database 150. In one
embodiment, instance storage database 1350 resides on server
20. In other embodiments, instance storage database 150 may
reside on another server or another computing device, pro-
vided that istance storage database 150 1s accessible to
schema version conformance program 110, instance storage
tfunction 130, and 1nstance generation function 140.

Instance generation function 140 operates to generate
instance data structures that are compliant with specified
schema versions. Instance generation function 140 may gen-
erate instance data structures using the value structure for the
requested data, the annotated schema for the specified schema
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version. Instance generation function 140 may utilize a pro-
cessing function associated with the specified schema version
to create the required 1nstance data structure. In one embodi-
ment, instance generation function 140 resides on server 20.
In other embodiments, instance generation function 140 may
reside on another server or computing device, provided that
instance generation function 140 has access to mstance stor-
age database 150 and schema version database 160.

FIG. 2 depicts a tlowchart of the steps of annotation func-
tion 120, a function of schema version conformance program
110, executing within the computing system of FIG. 1, 1n
accordance with an embodiment of the present invention.
Annotation function 120 operates to receive, annotate, and
store schema versions.

In one embodiment, 1nitially, a user may write a schema. In
some embodiments, the schema may be a new schema. In
other embodiments, the schema may be a new version of a
previous schema.

In step 205, annotation function 120 recerves a versionof a
schema. In some embodiments, annotation function 120 may
receive the version of the schema from a user accessing server
20 through a user interface (UI) (not shown). In other embodi-
ments, annotation function 120 may receive the version of the
schema from a user accessing annotation function 120 via a
client computing device over a network (not shown). The
received version of the schema may include the schema and,
il applicable, a version associated with the schema.

In decision 210, annotation function 120 determines
whether other annotated versions of the received schema
exist. In some embodiments, annotation function 120 may
access a database of previously stored and annotated schema
versions, such as schema version database 160 to determine
whether another version of the received schema exists. IT
annotation function 120 determines that no other annotated
version(s) of the schema exists (decision 210, no branch),
annotation function 120 proceeds to decision 240 (see
below). In some embodiments, annotation function 120 may
determine that no other annotated version(s) of the schema
exists 11 the received version of the schema 1s the only version
of the schema, as compared to other schemas and schema
versions stored to schema version database 160.

If annotation function 120 determines that at least one
other version of the schema does exist (decision 210, yes
branch), annotation function 120 determines whether any
field(s) i other existing annotated version(s) of the schema
are logically equivalent to one or more fields 1n the recerved
version of the schema (decision 215). A logically equivalent
field may include a data field representing some type of data
expected to be received, such as a phone number, address,
favorite animal, or some other type of data. A logically
equivalent field may also include a field specifying a data type
definition for a variable. In some embodiments, annotation
function 120 may determine that a field in an existing anno-
tated version of the schema 1s logically equivalent to a field in
the recerved version of the schema by comparing the different
versions of the schema and identifying identical fields. In
another embodiment, annotation function 120 may access a
database (not shown) including tables indicating logically
similar terms. In yet another embodiment, annotation func-
tion 120 uses text analytics to parse through schema versions
and 1dentify logically equivalent fields. Using natural lan-
guage processing and at least one set of dictionaries and rules,
annotation function 120 can perform text analytics on schema
versions to 1dentity logically equivalent fields. Text analytics
can be performed using an Unstructured Information Man-
agement Architecture (UIMA) application configured to ana-
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lyze unstructured mnformation to discover patterns by pro-
cessing plain text and 1dentifying relations.

If annotation function 120 determines that no fields in the
previously stored and annotated version(s) of the schema are
logically equivalent to fields present in the received version of
the schema (decision 215, no branch), annotation function
120 proceeds to decision 240 (see below). If annotation func-
tion 120 determines that one or more fields 1n a previously
stored and annotated version of the schema 1s logically
equivalent (decision 2135, yes branch), for each such logically
equivalent field, annotation function 120 determines if the
field 1s 1n a different position within the schema, relative to the
other fields 1n the schema (decision 220). Annotation function
120 may determine whether a field 1s located within a differ-
ent position between versions by comparing the recerved
version, and the field location within the received version, to
the location of the logically equivalent field within the alter-
nate version(s) of the schema.

If annotation function 120 determines that the fields are in
logically similar positions (decision 220, no branch), annota-
tion function 120 will assign a field 1dentifier to the field that
1s equivalent to the corresponding field identifier assigned to
the logically equivalent field of the previously annotated ver-
s1on of the schema (step 235). A field identifier 1s a tag, tlag,
or other indication applied to each logically different attribute
or field of a schema. Field i1dentifiers that are equivalent
indicate logically equivalent fields that are located 1n the same
position within schema versions, relative to other fields
within each schema.

If annotation function 120 determines that the fields are in
logically different positions (decision 220, yes branch), anno-
tation function 120 assigns the field, located in the received
version of the schema, a umique field 1dentifier (step 225). A
unique field identifier 1s a new field i1dentifier, 1.e., a field
identifier that has not been previously assigned to another
field 1n other versions of the schema.

In step 230, annotation function 120 generates a mapping,
at the schema level, 1.e., across schema version, that links the
logically equivalent fields identified 1n the received version of
the schema and a previously annotated version. Such a map-
ping links a field, and its use 1n a given context in the recerved
schema version to the logically equivalent field’s use 1n con-
text 1n the previously annotated schema version(s). In some
embodiments, the mapping 1dentifies an ordered list of field

identifiers, for each respective logically equivalent field,
wherein the list starts with a field identifier for a root element
of the schema, and each subsequent field identifier annotation
encountered as the schema 1s navigated to the field. A map-
ping may further indicate which versions of the schema were
used to generate the mapping.

In decision 240, annotation function 120 determines
whether, and 1n addition to the previous steps, logically dit-
ferent ficlds are identified 1n the received version of the
schema, as compared to previously annotated schema ver-
sions. Annotated function 120 may determine 1f logically
different fields have been 1dentified according to the methods
previously discussed with regards to decision 215. If annota-
tion function 120 1dentifies no field that 1s logically different
than all of the fields 1n previously annotated versions of the
schema (decision 240, no branch), the function 1s complete.

If annotation function 120 determines one or more fields
that are logically different than fields present 1n previously
annotated versions of the schema (decision 240, yes branch),
annotation function 120 assigns each logically different field
a unique field identifier (step 245), 1n a manner similar to step

225.
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In some embodiments, annotation function 120 stores each
annotated schema version to a repository, such as schema
version database 160, for by schema version conformance
program 110, instance storage function 130, and instance
generation function 140.

FIG. 3 depicts a tlowchart of the steps of instance storage
function 130, a function of schema version conformance pro-
gram 110, executing within the computing system of FIG. 1,
in accordance with an embodiment of the present invention.
Instance storage function 130 operates to populate and store
schema version independent value structures for each
received data structure instance conforming to a version of
the schema.

In one embodiment, mitially, a user may 1nput information
and create a data structure instance that conforms to an anno-
tated version of a schema, such as an annotated version of a
schema previously stored to schema version database 160.

In step 310, instance storage function 130 receives a data
structure 1nstance that conforms to an annotated schema ver-
sion, such as an annotated schema version stored to schema
version database 160. Instance storage function 130 may
receive an 1nstance data structure from a user at server 20 or
another client computing device over a network (not shown).

In step 320, instance storage function 130 populates a value
structure with data included 1n the data structure instance. A
value structure 1s a schema independent recursive data struc-
ture. In some embodiments, a value structure stores data
structure instance values 1n a map-like data structure that 1s
keyed by field 1dentifiers. Instance storage function 130 may
populate a value structure for the data structure 1nstance by
accessing the annotated schema version that coincides with
the version corresponding to the data structure instance. In
some embodiments, the value structure maintains a list of
instances of each field, and umiquely identifies each instance
with a field mstance identifier corresponding to a field i1den-
tifier. By uniquely 1dentifying each instance, instance storage
function 130 may populate the value structure when values
are repeated within a field assigned a field identifier. In gen-
eral, a value structure maintains the values or mappings asso-
ciated with field identifiers for the provided schema, such that
alternate versions of the schema may access the values asso-
ciated with the field 1dentifiers, and a data structure instance
may be generated which conforms to the alternate version of
the schema. FIG. 5C depicts an example value structure, in
accordance with one embodiment of the present invention.

In step 330, mnstance storage function 130 stores the value
structure to a repository, such as instance storage database
150, for access by schema version conformance program 110
and instance storage database 150.

FIG. 4 depicts a flowchart of the steps of instance genera-
tion function 140, a function of schema version conformance
program 110, executing within the computing system of FIG.
1, in accordance with an embodiment of the present inven-
tion. Instance generation function 140 operates to create data
structure instances conforming to a schema version, using a
populated value structure and an annotated version of the
schema version.

In step 410, mstance generation function 140 receives a
request to generate a data structure mstance conforming to a
specified version of a schema. The request may include the
necessary schema version to conform to, and the value struc-
ture corresponding to the original data structure instance. In
one embodiment, the request 1s generated by a user at server
20 or another computing device not shown. In other embodi-
ments, a request may be generated by an application or pro-
gram communicating with schema version conformance pro-
ogram 110 and/or instance generation function 140. In still
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other embodiments, the a request may be generated by
schema version conformance program 110 1n response to a
user attempt to communicate with another system or program
operating with a different schema version.

In step 420, instance generation function 140 retrieves the
applicable annotated schema version, based on the schema
version necessary to fulfill the request. In some embodiments,
instance generation function 140 may retrieve the annotated
schema version from a repository, such as schema version
database 160.

In step 430, instance generation function 140 retrieves the
applicable value structure corresponding to the data required
to populate the data structure instance. In some embodiments,
instance generation function 140 may retrieve the value struc-
ture from a repository, such as instance storage database 150.

In decision 440, instance generation function 140 deter-
mines whether the schema version required includes a
required field not present 1n the value structure corresponding,
to the data required to populate the data structure instance. A
required field 1s a field 1n a schema version that 1s required.
Typically, the schema version will provide a default value that
should be used 1n case there 1s no value associated with the
required field. In some embodiments, a default value for a
required field may be provided by a user, such as when the
particular schema language requiring the required field does
not support default values, or 11 the user has more information
about what value should be included 1n the required field. In
some embodiments, instance generation function 140 waill
determine whether the value structure includes a required
field for the value structure by comparing the field identifiers
assoclated with the schema version, as detailed 1n the anno-
tated schema version, to the populated value structure corre-
sponding to the required data. IT the annotated schema version
includes required fields corresponding to field identifiers that
do not have associated values stored within the populated
value structure, instance generation function 140 may deter-
mine that a required field 1s not present in the value structure
(decision 440, no branch). In some embodiments, imstance
generation function 140 will also determine whether the value
structure includes a required field for the value structure by
accessing the generated mappings (see FIG. 2) to determine
the presence of values associated with required fields.

If instance generation function 140 determines that the
schema version includes one or more required fields not
present, 1.¢., without associated values, in the value structure
(decision 440, yes branch), instance generation function 140
populates each field with the default value associated with
that field (step 450). As previously mentioned, a schema
version may indicate a default value to be used when no actual
value for a field 1s present. In one embodiment, instance
generation function 140 may populate the value structure
itself with additional fields that include the default values. In
another embodiment, instance generation function 140 may
populate the data structure instance as 1t 1s generated (see step
460).

In step 460, instance generation function 140 generates the
data structure instance that conforms to the requested schema
version using the value structure for the data, the annotated
version ol the requested schema, and any associated map-
pings. In general, the information for the required schema
will be populated using the values stored 1n the value structure
and their associated field identifier instances by comparing
the field identifier instances to matching field identifiers
located on the annotated version of the requested schema. A
processing function may be created to generate data structure
instances for each schema version such that data structure
instances complying with the schema version may be gener-
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ated from a value structure created from a data structure
instance of another schema version. As the schema version 1s
being navigated and a data structure instance 1s being created,
instance generation function 140 considers the field under
context, as definable by a field path starting with the field
identifier corresponding to a root element of the schema. The
root element 1dentifies which version of which data structure
1s to be produced. Embodiments of instance generation func-

il

tion 140 consider the mappings generated by annotation func-
tion 120. I the field path for a current field under consider-
ation can be mapped to another field path, or target field path,
as specified in the desired schema version, then the target field
path should be used when consulting the value structure for
value data.

FIGS. 5A-5C depict an example use-case scenario of
schema version conformance program 110 and its functions,
in accordance with one embodiment of the present invention.

While FIGS. 5A-5C include specifically XML as the data

interchange standard and XSD as the schema language, this 1s
merely an example, and embodiments of the present inven-
tion may be applied and/or used with other data types and
schema languages.

FIG. SA depicts an example annotated version of a schema,
in accordance with an embodiment of the present invention.
In the depicted 1llustration, annotated schema 510 1s a version
ol a schema that annotation function 120 has annotated and
stored to a repository, such as schema version database 160.
In the depicted 1llustration schema 515 represents the particu-
lar version of the schema. Field identifiers 520 have been
assigned to schema 515 via user input or annotation function
120. In some embodiments, annotated schema 510 may be
presented to a user, along with a list of previously stored field
identifiers and their associated schema fields, such that a user
may be able to reconcile any inaccuracy resulting from the
use of a function for annotating the schema, such as annota-
tion function 120.

FIG. 5B depicts an example data structure instance, in
accordance with an embodiment of the present invention. As
depicted, data structure mstance 330 conforms to schema 515
(see FIG. 5A).

FIG. 5C depicts an example of a populated value structure,
as created by instance storage function 130, in accordance
with an embodiment of the present invention. As previously
mentioned, populated value structures store data 1n a form
that 1s independent from the particular schema version asso-
ciated with the data structure 1nstance from which the data
was obtained. As depicted, value structure 550 1s a value
structure populated by using the values from data structure
instance 530 and annotated schema 510, according to meth-
ods previously described. Value structure 550 includes field
identifier nstances (F1.1, F2.1, F3.1, etc.) corresponding
field identifiers (F1, F2, etc.) which match field identifiers 520
(see FIG. 5A). Values have been extracted from data structure
instance 530 according to annotated schema 510, and stored
to value structure 550. In value structure 550, such values
include “Fred Jones,” “+44306999012,” “+447700987654,”
and F2—F2.1. Value structure 550 includes “fieldInstances™
“fieldInstanceValues” and “expression” as features of the
data structure. “expression” 1s used to store a scalar value,
such as “Fred Jones.” “ficldlnstances” 1s a map structure
storing an ordered list of field 1nstance identifiers represent-
ing istances of a given field, keyed against an associated field
identifier. “fieldInstanceValues” represents a map structure
storing value structures keyed against field instance 1dentifi-
ers. In other embodiments, value structures, such as value
structure 350 may comprise a different data structure, pro-
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vided context and value information may be stored for
retrieval and use by 1nstance generation function 140.

FI1G. 6 depicts a block diagram of components of server 20,
in accordance with an illustrative embodiment of the present
invention. It should be appreciated that FIG. 6 provides only
an 1llustration of one implementation and does not imply any
limitations with regard to the environments 1n which different
embodiments may be implemented. Many modifications to
the depicted environment may be made.

Server 20 includes communications fabric 602, which pro-
vides communications between computer processor(s) 604,
memory 606, persistent storage 608, communications unit
610, and mput/output (I/0) interface(s) 612. Communica-
tions fabric 602 can be implemented with any architecture
designed for passing data and/or control information between
processors (such as microprocessors, communications and
network processors, etc.), system memory, peripheral
devices, and any other hardware components within a system.
For example, communications fabric 602 can be imple-
mented with one or more buses.

Memory 606 and persistent storage 608 are computer read-
able storage media. In this embodiment, memory 606
includes random access memory (RAM) 614 and cache
memory 616. In general, memory 606 can include any suit-
able volatile or non-volatile computer readable storage
media.

Schema version conformance program 110, annotation
function 120, instance storage function 130, imstance genera-
tion function 140, instance storage database 150, and schema
version database 160 are stored 1n persistent storage 608 for
execution and/or access by one or more of the respective
computer processors 604 via one or more memories of
memory 606. In this embodiment, persistent storage 608
includes a magnetic hard disk drive. Alternatively, or 1n addi-
tion to a magnetic hard disk drive, persistent storage 608 can
include a solid state hard drive, a semiconductor storage
device, read-only memory (ROM), erasable programmable
read-only memory (EPROM), flash memory, or any other
computer readable storage media that 1s capable of storing
program instructions or digital information.

The media used by persistent storage 608 may also be
removable. For example, aremovable hard drive may be used
for persistent storage 608. Other examples include optical and
magnetic disks, thumb drives, and smart cards that are
inserted 1to a drive for transfer onto another computer read-
able storage medium that 1s also part of persistent storage 608.

Communications unit 610, in these examples, provides for
communications with other data processing systems or
devices. In these examples, communications unit 610
includes one or more network interface cards. Communica-
tions unit 610 may provide communications through the use
of erther or both physical and wireless communications links.
Schema version conformance program 110, annotation func-
tion 120, instance storage function 130, instance generation
function 140, mstance storage database 150, and schema
version database 160 may be downloaded to persistent stor-
age 608 through communications unit 610.

I/O 1nterface(s) 612 allows for input and output of data with
other devices that may be connected to server computer 20.
For example, I/O interface 612 may provide a connection to
external devices 618 such as a keyboard, keypad, a touch
screen, and/or some other suitable mput device. External
devices 618 can also include portable computer readable
storage media such as, for example, thumb drives, portable
optical or magnetic disks, and memory cards. Software and
data used to practice embodiments of the present invention,
¢.g., schema version conformance program 110, annotation
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function 120, instance storage function 130, instance genera-
tion function 140, instance storage database 150, and schema
version database 160, can be stored on such portable com-
puter readable storage media and can be loaded onto persis-
tent storage 608 via I/O 1nterface(s) 612. I/O interface(s) 612
also connect to a display 620.

Display 620 provides a mechanism to display data to a user
and may be, for example, a computer monitor.

The programs described herein are i1dentified based upon
the application for which they are implemented 1n a specific
embodiment of the imnvention. However, 1t should be appreci-
ated that any particular program nomenclature herein 1s used
merely for convenience, and thus the invention should not be
limited to use solely in any specific application identified
and/or implied by such nomenclature.

The present invention may be a system, a method, and/or a
computer program product. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present inven-
tion.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an elec-
tronic storage device, a magnetic storage device, an optical
storage device, an electromagnetic storage device, a semicon-
ductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures 1n a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, 1s not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network 1nterface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler imstruc-
tions, 1nstruction-set-architecture (ISA) 1nstructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware 1nstructions, state-setting data, or either
source code or object code written 1n any combination of one
or more programming languages, including an object ori-
ented programming language such as Smalltalk, C++ or the
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like, and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The computer readable program instructions
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly on
the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider). In
some embodiments, electronic circuitry including, for
example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA)
may execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the tlowchart 1llustrations and/
or block diagrams, and combinations of blocks in the tlow-
chart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be pro-
vided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function 1n a particular manner, such that the computer read-
able storage medium having mstructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified 1n the tlow-
chart and/or block diagram block or blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer implemented
process, such that the instructions which execute on the com-
puter, other programmable apparatus, or other device imple-
ment the functions/acts specified in the flowchart and/or
block diagram block or blocks.

The tflowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more execut-
able mstructions for implementing the specified logical func-
tion(s). In some alternative implementations, the functions
noted 1n the block may occur out of the order noted 1n the
figures. For example, two blocks shown 1n succession may, 1in
fact, be executed substantially concurrently, or the blocks
may sometimes be executed 1n the reverse order, depending,
upon the functionality involved. It will also be noted that each
block of the block diagrams and/or tlowchart illustration, and
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combinations of blocks in the block diagrams and/or tlow-
chart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions
or acts or carry out combinations of special purpose hardware
and computer mstructions.

What 1s claimed 1s:
1. A computer program product for managing versions of a
schema, the computer program product comprising:
one or more computer readable storage media and program
istructions stored on the one or more computer read-
able storage media, the program instructions compris-
ng:
program instructions to receive a first version of a schema;
program instructions to generate an annotated version of
the first version of the schema, wherein one or more
fields of the annotated version of the first version of the
schema each correspond to a distinct identifier;
program instructions to receive a {irst instance conforming
to the first version of the schema;
program 1nstructions to 1dentiy one or more values of the
first instance, wherein each value of the one or more
values of the first mnstance corresponds to a field of the
one or more fields;
program instructions to assign an 1dentifier to at least one
value of the one or more values of the first instance based
on the distinct identifier corresponding to the field of the
at least one value; and
program 1nstructions to store the at least one value of the
one or more values of the first instance, such that the at
least one value 1s associated with the assigned identifier.
2. The computer program product of claim 1, wherein
program 1nstructions to generate an annotated version of the
first version of the schema comprise:
program 1instructions to identify one or more logically dii-
ferent fields of the first version of the schema; and
program instructions to assign a distinct identifier to each
field of the one or more logically different fields.
3. The computer program product of claim 1, further com-
prising;:
program instructions, stored on the one or more computer
readable storage media, to receive a second version of
the schema;
program instructions, stored on the one or more computer
readable storage media, to i1dentily a first field of the
second version of the schema, wherein the first field 1s
logically equivalent to a field of the annotated version of
the first version of the schema associated with a first
identifier:
program 1nstructions, stored on the one or more computer
readable storage media, to assign the first identifier to the
first field; and
program 1nstructions, stored on the one or more computer
readable storage media, to generate an annotated version
of the second version of the schema based on at least the
first field and the assigned first 1dentifier.
4. The computer program product of claim 1, further com-
prising;:
program 1nstructions, stored on the one or more computer
readable storage media, to receive a second version of
the schema;

program 1nstructions, stored on the one or more computer
readable storage media, to i1dentily a first field of the

second version of the schema, wherein the first field 1s

logically equivalent to a field of the annotated version of
the first version of the schema associated with a first
identifier, and wherein the first field 1s in a different
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position within the second version of the schema as
compared to the field of the annotated version of the first
version of the schema;

program 1nstructions, stored on the one or more computer
readable storage media, to assign a second identifier to

the first field:

program instructions, stored on the one or more computer
readable storage media, to map the second identifier to
the first identifier; and

program instructions, stored on the one or more computer

readable storage media, to generate an annotated version
ol the second version of the schema based on at least the
first field, the second identifier, and the mapping.
5. The computer program product of claim 1, further com-
prising;:
program instructions, stored on the one or more computer
readable storage media, to recerve a request to generate
a second nstance conforming to a second version of the
schema using the one or more values of the first instance;

program 1nstructions, stored on the one or more computer
readable storage media, to retrieve an annotated version
of the second version of the schema, wherein the anno-
tated version of the second version of the schema
includes at least the assigned identifier, wherein the
assigned 1dentifier 1s further associated with a field of the
annotated version of the second version of the schema;
and

program instructions, stored on the one or more computer

readable storage media, to generate the second 1nstance,
using the at least one value of the one or more values of
the first instance based on at least the assigned 1dentifier,
wherein the second instance conforms to the second
version of the schema.

6. The computer program product of claim 5, wherein
program 1nstructions to generate the second 1nstance further
comprise:

program 1nstructions to identity a required field of the

annotated version of the second version of the schema,
wherein the required field 1s associated with a first iden-
tifier;

program 1nstructions to determine no value of the one or

more values of the first instance 1s associated with the
first identifier; and

program 1instructions to populate the required field of the

second version of the schema with a default value.
7. The computer program product of claim 1, wherein the
schema 1s an XML schema.
8. A computer system for managing versions of a schema,
the computer system comprising:
one or more computer processors, one or more computer
readable storage media, and program instructions stored
on the computer readable storage media for execution by
at least one of the one or more processors, the program
instructions comprising;
program instructions to receive a first version of a schema;
program 1nstructions to generate an annotated version of
the first version of the schema, wherein one or more
fields of the annotated version of the first version of the
schema each correspond to a distinct identifier;

program instructions to recerve a first instance conforming
to the first version of the schema;

program instructions to 1dentily one or more values of the

first instance, wherein each value of the one or more
values of the first instance corresponds to a field of the
one or more fields;
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program instructions to assign an identifier to at least one
value of the one or more values of the first instance based
on the distinct identifier corresponding to the field of the
at least one value; and

program 1nstructions to store the at least one value of the
one or more values of the first instance, such that the at
least one value 1s associated with the assigned identifier.

9. The computer system of claim 8, wherein program

instructions to generate an annotated version of the first ver-
s1on of the schema comprise:

program instructions to identify one or more logically dii-
ferent fields of the first version of the schema; and

program instructions to assign a distinct identifier to each
field of the one or more logically different fields.

10. The computer system of claim 8, further comprising:

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to recerve a second version of the
schema;

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to 1dentity a first field of the second
version of the schema, wherein the first field 1s logically

equivalent to a field of the annotated version of the first
version of the schema associated with a first identifier:

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to assign the first identifier to the first
field; and

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to generate an annotated version of the
second version of the schema based on at least the first
field and the assigned first identifier.

11. The computer system of claim 8, further comprising:

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to recerve a second version of the
schema;

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to 1dentity a first field of the second
version of the schema, wherein the first field 1s logically
equivalent to a field of the annotated version of the first
version of the schema associated with a first identifier,
and wherein the first field 1s 1n a different position within
the second version of the schema as compared to the
field of the annotated version of the first version of the
schema;

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to assign a second 1dentifier to the first
field;

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to map the second 1dentifier to the first
identifier; and

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to generate an annotated version of the
second version of the schema based on at least the first
field, the second 1dentifier, and the mapping.

12. The computer system of claim 8, further comprising:

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to receive a request to generate a sec-
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ond instance conforming to a second version of the
schema using the one or more values of the first instance;

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to retrieve an annotated version of the
second version of the schema, wherein the annotated
version of the second version of the schema i1ncludes at
least the assigned 1dentifier, wherein the assigned 1den-
tifier 1s further associated with a field of the annotated
version of the second version of the schema; and

program instructions, stored on the computer readable stor-
age media for execution by at least one of the one or
more processors, to generate the second instance, using
the at least one value of the one or more values of the first
instance based on at least the assigned identifier,
wherein the second instance conforms to the second
version of the schema.

13. The computer system of claim 12, wherein program

instructions to generate the second instance further comprise:

program 1nstructions to identity a required field of the
annotated version of the second version of the schema,
wherein the required field 1s associated with a first iden-
tifier:

program instructions to determine no value of the one or
more values of the first instance 1s associated with the
first 1dentifier; and

program 1instructions to populate the required field of the
second version of the schema with a default value.
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